Nymphoides species in folklore practice
According to the ethnobotanical study, there is a huge multicultural history which was documented in Asia to cure different diseases by using the herbal extracts of the Nymphoides species.. N. indica (Linn.) O. Kuntze, the most well-known species for the local healers of Bangladesh, India and Nepal, which is provided as a general tonic in replacement of chiretta (Swertia chirayita) for the symptomatic treatment and also for the management of jaundice, dysentery and fever [8] [9] [10] . In South Orissa, N. indica is known to cure a bilious headache, scabies, rheumatism by the external application of the raw leaf paste and also the sesame oil soaked whole dried plant [11] . The juice obtained from the leaves and roots of N. indica was used as a component of an oral herbal formulation with other plant extracts, i.e. Achyranthes aspera and Piper nigrum prepared by the Bagdi tribal healer of Rajbari District, Bangladesh for the treatment of common ailments, such as tonsillitis to relief pain [12] .
N. hydrophylla (Lour.) O. Kuntze is another common species of
Nymphoides native in Bangladesh, India, Bhutan, and Cambodia.
The plant is frequently used as a substitute of chiretta (Swertia chirayita) in the treatment of fever and jaundice. Dried powder of stalks and leaves are mixed with different herbal oil formulation and applied in various skin ulcers and insect bite. The fresh leaf paste is considered as an antidote for scorpion sting and snake bite.
The decoction of stalk and leaf is used externally as an antiseptic and also used as a cleanser for the management of parasitic skin infections. The raw fluid of the leaf is applied superficially in various ophthalmic diseases. Seed powder of the plant is known to be orally administered with honey as an anthelmintic drug [11, 13] .
Kuntze is also the popular floating plant native to the temperate regions of Europe, Asia and the Mediterranean region. In India, the plant is considered as medicinally important mostly in Kashmir wetlands, where it is therapeutically administered as an anthelmintic, diuretic and febrifuge and also reported to be used in the treatment of burns, fevers, ulcers, snake bites and swellings. The fresh leaves paste is used in the treatment of habitual headache like migraine, migrainous neuralgia, etc. It is also administered during pregnancy as galactagogue to promote lactation [14] .
N. macrospermum Vasudevan is the renowned Nymphoides species in Ayurvedic medicine which is used to treat various chronic diseases like epilepsy, anemia, jaundice, tuberculosis, etc. And it is commonly used as a substitute of Valeriana jatamansi Jones in the ayurvedic drug Tagara that is known to minimize the severity of convulsions [15, 16] .
Ethnomedicinal formulation of Nymphoides species
Nymphoides species are constituent of Tagara which is one of the most reputed ayurvedic drug formulation, it is generally regarded as brain tonic. It is also commonly used in Unani medicine, Asarun (Asarum) and in various pharmaceutical preparations for the treatment of brain and nervous system disorder, like migraine, insomnia, anxiety, epilepsy. Nymphoides species are also known to cure anaemia, jaundice and asthmatic conditions. However, the most established source of Tagara is Valeriana jatamansi (Valerianaceae), and to some extent, due to their inconvenient sources, i.e. Himalayas found in different parts of India [17, 18] .
Reported pharmacological activity

Anti-convulsant activity
Herbal drugs have been invariably used in various traditional medicines for the treatment and management of epilepsy, due to the avoidance of the associated side effects and dependency development which was caused by prolonged use of other prescribed synthetic drugs [19] . Therefore, researchers are now very curious in discovering drugs from the natural sources and studying their pharmacological properties regarding anticonvulsant activities. N. indica and N. macrospermum showed anticonvulsant activities and found to possess the same mechanism as benzodiazepines, phenobarbitone, felbamate, etc., by inducing the delayed onset and discontinuation of seizures and the rapid recovery without any toxicity report after consumption. N. indica is known to be effective against petitmal and grandmal type of epilepsy, which is confirmed by investigating the anticonvulsant effect using aqueous and alcohol extract of their roots and rhizomes by maximum electroshock convulsion and pentylenetetrazole induced convulsion methods in Swiss albino mice. The results indicated that the extracts of N. indica at the dose level of 300 mg/kg and 600 mg/kg exhibited significant anticonvulsant activity against both maximum electroshock convulsion induced and pentylenetetrazole induced convulsion models [20] . N. macrospermum was also reported to be effective against the petitmal type of epilepsy and it was found that the alcohol extract of N. macrospermum at doses of 500 mg/kg and 750 mg/kg bodyweight, extremely diminished the severity and increased the latency of convulsions in the pentylenetetrazole induced seizure model [21] . Due to these excellent pharmacological properties, N. indica and N. macrospermum plant species are considered as a probable source of Tagara to establish their use as a substitute for V. jatamansi.
Sedative activity
Antiepileptics are generally consumed with other anxiolytic drugs.
As majority of antiepileptic drugs have to be consumed constantly, concomitant administration of other drugs induces the risk of drug interaction. By considering these factors, researchers are now interested in compounds from plant origin for developing anxiolytic drugs with minor side effects. Recently, there are many reports of traditional drugs exhibiting good hypnotic and sedative effects with few side effects. N. macrospermum is considered as the potential source of such traditional drugs formulation, e.g. Tagara. It has the antiepileptics properties and was found to provide sedative effect investigated by a significant reduction in locomotor activity in Swiss albino mice which was studied by using an actophotometer.
The alcohol extract of N. macrospermum up to a dose of 750 mg/kg body weight caused central nervous system depression which was indicated by a reduction in locomotor activity without inducing any toxicity, therefore it is reported that it has no acquired side effect [21, 22] . scavenging activity [6] . There are numerous studies for determining the antioxidant activity in terms of its aqueous, ethanolic and methanolic extracts of N. hydrophylla. According to the literatures, it can be suggested that the ethanolic extract of N. hydrophylla has significant antioxidant activity compared to other extracts. In that study, the ethanolic extract of N. hydrophylla was tested by using four types of antioxidant methods, DPPH free radicals scavenging activity, reducing power method, nitric oxide assay and phosphomolybdenum method against standard gallic acid. According to the result, N. hydrophylla extract showed effective scavenging abilities against the free radicals by acting as hydrogen donors to scavenge DPPH free radicals with IC 50 values of 6.35 μg/mL, by increasing the reductive power resulting the increase in the absorbance of the reaction mixture by the plant extract in a linear manner, and also by scavenging of nitric oxide radical with IC 50 values of 432 μg/mL causing decreased amount of nitrite generation [23] . The comparative study of the ethanolic and aqueous extract of N. hydrophylla were performed in another study, where it was found that the ethanolic extract exhibited higher antioxidant activities than the aqueous extract in the anti-lipid peroxidation, reducing power, metal chelation, and 2,2-azino-bis (3-ethylbenthiazoline-6-sulfonic acid) or ABTS radical scavenging assays, whereas the aqueous extract possessed more potent activity in the superoxide and DPPH radical scavenging assays [24] . The crude methanolic extract of N. hydrophylla was also examined in another study for possible antioxidant activity, where the total phenolic content in leaves of N. hydrophylla extract was found to be 12.5 mg of gallic acid equivalent (GAE)/g of extract indicating the moderate antioxidant activity [6] . 
Antioxidant activity
Hepatoprotective activity
Cytotoxic activity
Cytotoxic screening of plants is the preliminary method that seems to be capable of detecting natural anticarcinogenic agents present in crude extracts. According to the literature, the leaf of N. hydrophylla was found to be cytotoxic which was investigated by using brine shrimp lethality bioassay, where the result showed that the crude methanolic extract of leaves of N. hydrophylla had significant cytotoxic activity with LC 50 values found to be 3.28 μg/mL as compared to the standard vincristine sulphate with LC 50 value 0.84 μg/mL.
Through performing this general bioassay, it can be considered that such valuable species of Nymphoides genus can be the potential source of anticancer compounds [25, 26] .
Antitumor activity
Most antitumor drugs are generally encountered through plantderived compounds or their derivatives. Currently, few Nymphoides species are accounted for its antitumor activity. Among them, N. peltata, the common wetland plant, exhibited significant antitumor activity in MTT assay by using 10% H 2 O-methanol (MeOH) extract of N. peltata against the human prostate cancer cell PC3 and the human osteosarcoma cell U2OS with IC 50 values of 40.8 μg/mL and 70.7 μg/mL, respectively, where PC3 cells showed more sensitivity to the extract. Based on the phytochemical study, the proposed antitumor effect of N. peltata extract is thought to be due to the presence of the four major antitumor constituents, i.e. ephedrine, ephedradine C, 4-hydroxycoumarin and delta-1-dehydrotanshinone [27] . The aqueous extract of N. indica was also reported to have higher anti-proliferative activity on HeLa cell line [28] .
Antidiabetic property
Diabetes is a serious complication attributed to several metabolic disorders. A literature review revealed that N. indica leaf extract and its isolated constituents possessed mild to moderate antidiabetic property, which was experimented through in vitro antidiabetic assays, i.e.
antiglycation assay and 毩-glucosidase inhibitory activity. Following antiglycation assay, it was observed that the crude extract of N. indica presented mild to moderate inhibitory activity at 100 μg/mL (33%), among which 90% methanolic extract exhibited most promising activity. Such antiglycation potential by the tested extracts showed moderate (24%-36%) inhibition of the formation of advanced glycation end products. Consideringα毩-glucosidase inhibitory activity, a mild inhibition was observed for the total extract at 834 μg/mL (13%), whereas the highest inhibition was shown by 90% methanol (31%) and n-butanol fractions (25%) at the same concentration. The isolated seco-iridoid glucosides, monoterpenoids, phenolic acids and flavonoids from different fractions of N. indica extracts showed moderate activity towards antiglycation and inhibitory potential against the enzyme like 毩-glucosidase [6] .
Antimicrobial activity
Aquatic medicinal plants have always been considered as potential sources for investigating antimicrobial properties which are intended for the new drug development [29] . The antimicrobial effects of such aquatic N. indica species were reported to be carried out through in vitro antimicrobial assay in an integrated screening panel. In this study, it was observed that the n-hexane fraction of N. indica leaf extract showed the highest levels of antimicrobial and antifungal activities with an IC 50 of 19.5 μg/mL against Staphylococcus aureus and 32 μg/mL against Microsporum canis, and it was claimed that the isolated lipophilic constituents from that n-hexane fraction showed moderate antimicrobial activities among which the isolated compound, azelaic acid was highly active against Staphylococcus aureus with an IC 50 value of 55.1 μM (11.2 μM for erythromycin).
The 90% methanolic fraction of N. indica extract was also found to be active (IC 50 36.4 μg/mL) against Staphylococcus aureus [6] . 
Antiparasitic effect
Phytochemical investigation
Phytochemical screening
Preliminary phytochemical screening of Nymphoides species revealed the presence of many bioactive components, like flavonoids, tannins, saponins, triterpenes, carbohydrates, glycosides, phenolic compounds, phytosterols, volatile oil, coumarins, fixed oils and fats, steroids and sugars from different alcohol and aqueous extracts of N. hydrophylla, N. indica and N. macrospermum. In N. indica, the total flavonoid content of the crude extract was found 70.28 mg RUE/g extract, similarly the total phenolic content was 28.88 mg of GAE/g [25] . In N.
hydrophylla, the total polyphenolic compounds was found (1.110 ± 0.318) mg/g and (1.800 ± 0.350) mg/g in both aqueous and alcohol extract, respectively [6, 7, 20] .
Identification and isolation of bioactive compound
β-sitosterol (1), betulinic acid (2), salicylic acid (3) and tannic acid (4) were reported for the first time from N. hydrophylla (Figure 1) .
A triterpenoid compound, β-sitosterol was reported to be identified and isolated in the alcohol extract of roots and rhizomes of N.
hydrophylla. The percentage yield of the isolated β-sitosterol was found 24% and the melting point was 136 曟 -137 曟 . However, no structure elucidation of that isolated β-sitosterol was reported in this study [7] . Literature search showed that four major antitumor constituents including ephedrine (1), ephedradine C (2), the organic amines, 4-hydroxy-coumarin (3), the benzopyrone compound and delta-1-dehydrotanshinone (4) were identified from the 10% H 2 O-MeOH extract of N. peltata (Figure 2 ) through HPLC and quadruple timeof-flight mass spectrometry analysis combined with the Agilent TCM database, METLIN database, and spectral data of standard compounds. According to the literature, these compounds are considered as the major active ingredients that are rarely reported from wetland plant N. peltata and other Nymphoides genus [29] . Gibberellins were also reported to be detected from the endophytic fungus Aspergillus clavatus isolated from the roots of N. peltata (Figure 3 ). Based upon quantitative assay using gas chromatography-mass spectrometryselected ion monitoring analysis of the culture filtrate of Aspergillus clavatus Y2H0002 strain, three bioactive gibberellins (GAs: GA1, GA3 and GA4) were detected and quantified considering the physiologically active hormones [30] . For the isolation of pure compounds, semi-preparative HPLC-DAD-MS system was followed and structure elucidation was done for the remaining compounds (6-15) by 1D-and 2D-NMR spectroscopic methods ( Figure 5 ). Among them, three seco-iridoid glucosides (6-8) and three flavonoids (9-11) were reported to be isolated and identified as 7-Epiexaltoside (6), 6″,7″-Dihydro-7-epiexaltoside (7), menthiafolin (8) and 3,7-di-O-methylquercetin-4′-O-β-glucoside (9), 3-O-methyl quercetin-7-O-β-glucoside (10) and 3,7-di-O-methy lquercetin (11) . Finally, the phenolic coumarin, hydroxycinnamic acid, monoterpenoid and ester were also reported to be isolated and identified as scopoletin (12) , ferulic acid (13), 8-hydroxy-2,6-dimethyl-(2E,6E)-octadienoic acid or foliamenthoic acid (14) and 6,7-dihydrofoliamenthoic acid methyl ester (15) respectively [6] . 7-Epiexaltoside (6), 6″,7″-Dihydro-7-epiexaltoside (7), Menthiafolin (8) and 3,7-di-O-methylquercetin-4′-O-β-glucoside (9), 3-O-methyl quercetin-7-O-β-glucoside (10) and 3,7-di-O-methy lquercetin (11) . Finally, the phenolic coumarin, hydroxycinnamic acid, monoterpenoid and ester were also reported to be isolated and identified as scopoletin (12) , ferulic acid (13), 8-hydroxy-2,6-dimethyl-(2E,6E)-octadienoic acid or foliamenthoic acid (14) and 6,7-dihydrofoliamenthoic acid methyl ester (15).
Adverse effect and safety
There is limited information documented about the risk of Nymphoides species. According to the literature, motor neuron impairment was reported for N. macrospermum as a side effect of its anticonvulsant activity [21] . 
Conclusion
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